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Body Size, Growth, and Feather Mass of the Endangered Hawaiian
Moorhen (Gallinula chloropus sandvicensis)1
David W. DesRochers,2,5 Michael D. Silbernagle,3 Aaron Nadig,4 and J. Michael Reed2
Abstract: Body and feather mass data are important in avian studies and are re-
quired for determining things such as body condition and energetic carrying ca-
pacity. There are 12 subspecies of Common Moorhens (Gallinula chloropus), six
continental and six island subspecies, of which two are endangered. Body mass
data for multiple individuals are available for only three subspecies, and feather
mass data have been reported for only one individual. Body mass (n ¼ 82) and
feather mass (n ¼ 2) for adults and body mass for three subadult age classes
(n ¼ 27) are provided for the Hawaiian subspecies of Common Moorhen (G. c.
sandvicensis). Other body size measurements, including tarsus length, shield-bill
length, shield width, and wing cord length also are presented. Adult Hawaiian
Moorhen body mass averaged 350.7 g (G50.0 SD; range, 232–522; 95% CI,
339.8–361.6), and young birds appear to develop like young of G. c. chloropus
and other Rallidae. Based on published data, G. c. sandvicensis is heavier than
G. c. guami, female G. c. chloropus, and G. c. meridionalis; lighter than G. c. gar-
mani and males of G. c. cachinnans; and similar in mass to G. c. cachinnans fe-
males, males of G. c. chloropus, and G. c. orientalis. There do not appear to be
systematic differences in body mass between mainland (data for four subspecies)
and island subspecies (data for three subspecies). Total mass of all feathers for
two males was 16.2 and 12.1 g, which made up 3.1% and 3.8%, respectively, of
their total body mass.
Body mass is a central piece of data re-
quired for many avian studies in which re-
searchers are interested in evaluating body
condition or calculating energetic carrying
capacity (e.g., Guthery 1999). The ready
availability of avian body mass data from
Dunning (2008) has made these types of cal-
culations more accessible. Even this large
compilation does not present samples from
throughout the range of many species; there-
fore the extent of geographic variation with-
in species is not well documented. This is
especially true for secretive and endangered
species, for which few data typically are avail-
able (Wilcove et al. 1998). To this end, we re-
port the first available body mass along with
an estimate of growth and other morphologi-
cal data for the endangered, endemic Hawai-
ian Moorhen (Gallinula chloropus sandvicensis),
which is one of 12 subspecies of Common
Moorhen (Taylor 1998). Knowing body
mass information for Hawaiian Moorhen is
valuable because it potentially can inform
management decisions for this endangered
subspecies by providing researchers infor-
mation on individual body condition (e.g.,
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DesRochers et al. 2009), which may indicate
if food is limiting. In addition to reporting
mass of Hawaiian Moorhen, we compare
adult Hawaiian Moorhen mass with that of
the other subspecies of moorhen where data
are available. We also present the first data
of which we are aware on feather mass for
this subspecies. Feather mass data are fairly
uncommon, but they could be important for
determining energetic requirements across
a species’ entire life cycle including molt
(Lindstro¨m et al. 1993).
materials and methods
We captured birds using live trapping from
April 2005 to February 2009 at James Camp-
bell National Wildlife Refuge (21 41 0 N,
157 55 0 W ) and Waimea Falls (21 38 0 N,
158 63 0 W ), which are both on O‘ahu. We
categorized prejuvenile birds into different
age classes using plumage characteristics after
Gollop and Marshall (1954). Specifically,
class II chicks exhibit feather growth but still
retain down, class III chicks lack down but
have not obtained the full juvenal plumage,
and we distinguished juveniles from class III
chicks by the grayer plumage, more devel-
oped shield, and larger body size. We indi-
vidually banded birds, so we were able to
determine which individuals were recaptured.
We weighed birds using a Pesola scale (to the
nearest 1.0 g), measured relaxed wing cord
(not flattened) of nonmolting adults using a
wing rule, and measured tarsus length and
width (the widest measure at the midpoint
of the tarsus) and shield þ bill length (top of
shield to bill tip) and maximum shield width
using a digital caliper (Vernier). Length mea-
surements were to the nearest 0.1 mm. Be-
cause we were unable to measure young birds
on a daily basis we were unable to calculate
daily growth. Instead, we estimated a general
growth pattern for young Hawaiian birds and
also fitted mass data to a Gompertz growth-
function (sensu Starck and Ricklefs 1998)
under the assumptions that heavier birds were
older and that each measure of mass was rep-
resentative of birds of different ages. We
then calculated a growth constant for Hawai-
ian Moorhen and compared it with growth
constants reported for other rails, including
one that we calculated for G. c. chloropus
from data in Karhu (1973). We searched pri-
mary and secondary literature for body mass
and morphological data for the 11 other sub-
species for comparison. We wanted to com-
pare Hawaiian Moorhen body mass with that
of other subspecies, but the only data avail-
able were means and associated ranges, or
values from single individuals. Consequently,
our statistical options were limited. For sub-
species where means were reported, we com-
pared them with our data for Hawaiian
Moorhen by calculating and comparing 95%
t-based confidence intervals (95% CI) (Sne-
decor and Cochran 1989, Johnson 1999). Be-
cause we did not know standard deviation for
the other subspecies for which body mass
data were available, we estimated standard de-
viation by dividing the range by 8 and assum-
ing that the data were normally distributed
(Snedecor and Cochran 1989); body mass
data were normally distributed for Hawaiian
Moorhen (Shapiro-Wilk: W ¼ 0:99, P ¼
0:38). For subspecies where few individuals
have been weighed, we calculated and com-
pared means using the same approach. If two
95% confidence intervals overlapped, then we
concluded that the two means being com-
pared did not differ. Using t-based confi-
dence intervals is a conservative approach,
but it is a more robust estimate of a distribu-
tion compared with using Z-scores (Snedecor
and Cochran 1989).
We weighed all feathers together and sep-
arately weighed the primaries, secondaries,
rectrices, and body feathers that we removed
from two adult male Hawaiian Moorhen car-
casses provided to us by the U.S. Geological
Survey. Flight feathers were plucked and
body feathers were removed by scalding the
skin to soften the connective tissue before
plucking. Feathers were weighed to the near-
est 0.1 g once they were dry; bodies were
donated to the Harvard Museum of Compar-
ative Zoology.
results and discussion
We captured and measured 82 adults, 18 ju-
veniles, two class III chicks, and seven class
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II chicks. We included in our calculations the
measurements of 20 adults that were captured
more than once during the time of the study
for a total of 109 measurements of adult mass
(all recaptures > 30 days apart; range, two to
three captures per individual); we also in-
cluded measurements of two juveniles that
were captured twice (>30 days apart). We
were unable to identify the sex of individual
birds due to limitations of working with an
endangered species, and we also do not report
change in mass for individuals caught more
than one time because we did not selectively
try to capture specific individuals to monitor
mass changes over time. Adult Hawaiian
Moorhen body mass averaged 350.7G 50.0 g
(meanG SD; range, 232–522; 95% CI,
339.8–361.6). See Table 1 for all Hawaiian
Moorhen body size metrics. Change in body
mass of young birds was not statistically dif-
ferent from the straight line, y ¼ 6:8xþ
165:3, r2 ¼ 0:90 (where y ¼ mass (g) and
x ¼ an approximate measure of time). Plot-
ting the Gompertz conversion values yielded
the equation y ¼ 0:4x 0:01, r 2 ¼ 0:95, from
which we calculated a growth constant of
0.107. Based on growth data from table 3 in
Karhu (1973), G. c. chloropus grew at a rate
of y ¼ 4:8x 3:6, r 2 ¼ 0:96, where y ¼ mass
(g) and x ¼ day. From those growth data we
calculated a growth rate of 0.061 from the
equation y ¼ 0:3x 0:4, r2 ¼ 0:95, which
describes the plot of Gompertz conversion
values.
For the two individual G. c. guami for
which mass is reported, the 95% CI (236.1–
310.9) was lower than that for Hawaiian
birds; G. c. meridionalis (95% CI, 241.3–
248.7) and female G. c. chloropus (95% CI,
266.8–275.2) were also lighter than the Ha-
waiian subspecies (see Figure 1B for adult
masses of all subspecies). The 95% CI for
G. c. orientalis (181.9–438.1) overlapped that
of the Hawaiian subspecies, as did the inter-
vals for female G. c. cachinnans (95% CI,
345.0–353.0) and male G. c. chloropus (95%
CI, 331.9–362.0). Male G. c. cachinnans (95%
CI, 410.7–419.3) and the three G. c. garmani
males (95% CI, 420.0–512.0) were heavier
than the Hawaiian birds. Adult measurements
of wing cord, tarsus length, and shield þ bill
length were similar to values reported for
other subspecies, with the exception of G. c.
garmani, which appeared to have longer
wings and tarsi than the other subspecies.
The nonbody mass data for the different sub-
species can be viewed at http://ase.tufts.edu/
biology/labs/reed/res-pub-suppl.html.
Total mass of all feathers was 16.2 and
12.1 g, which made up 3.1 and 3.8% of the
total body mass of the birds (450 g, and 315
g), respectively. Primaries weighed 2.4 and
2.0 g; secondaries, 0.9 and 0.8 g; rectrices,
0.5 and 0.3 g; and the remaining feathers
were 12.3 and 8.9 g.
Hawaiian Moorhen growth appears similar
to the development of G. c. chloropus growing
in captivity. Based on the data from Karhu
(1973), G. c. chloropus would assimilate ap-
proximately 80% of adult body weight by
fledging age (40–50 days [Cramp and Sim-
mons 1980]), but this has not been verified
for G. c. sandvicensis. The growth constant
that we calculated for young Hawaiian Moor-
hen falls in the range reported for eight rail
species (0.041–0.210) (Starck and Ricklefs
1998) and is higher than the growth constant
that we calculated for the data reported in
Karhu (1973). Unfortunately, not knowing
specific ages of young Hawaiian Moorhen
precludes us from calculating a more accurate
growth constant, so we cannot speculate fur-
ther about Hawaiian Moorhen growth rate
without additional data.
There are six Common Moorhen subspe-
cies currently described whose distributions
are exclusively on islands, with the remaining
six subspecies found primarily on continents.
Although the heaviest birds we found with re-
ported measurements were from a continen-
tal subspecies (G. c. garmani), available data
do not support the idea of a consistent weight
difference between mainland and island sub-
species. Adult Hawaiian Moorhens are in
the middle of the distribution of Common
Moorhen body masses; insufficient data for
the five remaining subspecies prevent further
comparisons. Similarly, there is extensive
overlap among subspecies in other body size
measurements. The one notable exception is
the mainland subspecies G. c. garmani, which
appeared to be larger overall ( body mass,
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wing and tarsus lengths), although data come
from only three individuals. One potential
source of variation in body mass is breed-
ing condition. This has been demonstrated
in G. c. chloropus (Anderson 1975), but breed-
ing status information was unavailable for
the other subspecies, so we were unable to
make this additional comparison. In addition,
breeding status is complicated in Hawaiian
Moorhen because they can breed throughout
the year (Byrd and Zeillemaker 1981, Nagata
1983, Chang 1990). Given the extensive
range of Common Moorhen subspecies, with
distributions on continents and islands, this
could be an interesting species for further
comparative analyses.
Despite the importance of feathers to
avian ecology and their high cost of produc-
tion (e.g., Lindstro¨m et al. 1993, Pryke and
Andersson 2005), total feather mass is known
for few bird species (Turcˇek 1966). We found
Hawaiian Moorhen feather mass to be just
below the 4% reported by Turcˇek (1966) for
a single moorhen (likely G. c. chloropus based
on the location of the study). This result
might be expected for a subspecies, like the
Hawaiian Moorhen, that is weakly flighted
(sensu McNab 2003, DesRochers et al. 2009).
The 4% also is lower than the 7% reported
for three species of Anatidae (Turcˇek 1966)
that, like Hawaiian Moorhen, simultaneously
molt their flight feathers (Hohman et al.
1992, DesRochers et al. 2009). It would be
very instructive to compare the flight feather
mass between this subspecies and a fully mi-
gratory subspecies, but data for that compari-
son are currently lacking.
Knowledge about body mass is important
for management of an endangered species
such as the Hawaiian Moorhen. The primary
conservation implication regarding mass and
growth would be if food is limiting, but based
on our analyses it is not (DesRochers et al. in
press).
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Figure 1. (A) Mean (GSD) body mass (g) of young Hawaiian Moorhens; see text for age class definitions. Mean body
mass of adult Hawaiian Moorhens is presented for comparison. (B) Mean (GSD) body mass (g) of Hawaiian Moorhen
(Gallinula chloropus sandvicensis) adults compared with mean adult body mass of other Common Moorhen subspecies,
divided by island and mainland residence. Diamonds, unknown sex; squares, male; and triangles, female. Dashes indi-
cate the reported range of body masses. Numbers beneath dashes indicate sample size; symbols without numbers indi-
cate mass of single individuals. Gallinula c. guami and G. c. orientalis data are from Ripley (1977), G. c. garmani data
from Taylor (1998), G. c. meridionalis data from Urban et al. (1986), G. c. cachinnans data from Bannor and Kiviat
(2002), and G. c. chloropus data from Taylor (1998).
the moorhen carcasses from which we col-
lected feathers. L. Butler provided technical
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and J. Dunning and two anonymous re-
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